Accurate modelling of pan evaporation has a vital importance in the planning and 10 management of water resources. In this paper, the response surface method (RSM) is 11 extended for estimation of monthly pan evaporations using high-order response surface 12 (HORS) function. A HORS function is proposed to improve the accurate predictions with 13 various climatic data, which are solar radiation, air temperature, relative humidity and wind 14 speed from two stations, Antalya and Mersin, in Mediterranean Region of Turkey. The 15 HORS predictions were compared to artificial neural networks (ANNs), neuro-fuzzy 16 (ANFIS) and fuzzy genetic (FG) methods in these stations. Finally, the pan evaporation of 17 Mersin station was estimated using input data of Antalya station in terms of HORS, FG, 18
4 main disadvantage of the ANFIS and ANN methods are their complex formulations. 60 Therefore, simpler and more efficient models are needed for estimating Epan in practical 61 applications. 62 The main aim of this study is to investigate the ability of high-order response surface (HORS) 63 function in estimation of Epan and compare with FG, ANFIS and ANN models previously 64 developed by Kisi and Tombul (2013) . This is the first study that applies HORS in Epan 65 modelling. 66 67 2. High-order response surface method 68 In the stochastic process e.g. the pan evaporation, the accurate prediction is vital important in 69 terms of a set of several input variables, which are selected based on climatic data. Generally, 70 the evaporation is an implicit process that can be depended on several input variables (X) 71 such as air temperature, solar radiation, relative humidity and wind speed. A finding the 72 closed-form expression for evaporation based on input climatic variables is the main effort to 73 predict the availability of evaporation process because it cannot be obtained when accurate 74 approximation is not available to evaluate the evaporations. To overcome this difficulty, it 75 can be implemented the response surface methodology (RSM) to estimate the monthly pan 76 evaporation by an approximate closed-form expressions. 77 The RSM was proposed based on a set of mathematical polynomial functions through a 78 number of set experiments for increasing the computational efficiency (Bucher and Bourgund 79 1990) that it is useful for modelling and evaluating an implicit process as a response surface 80 function in explicit form. It is expressed a function E(X) based on n input variables X (x1, 81 x2,…, xn) using a second-order polynomial form with cross terms expression as follows 82 (Khuri and Cornell 1996) : Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. inefficiently computation due to determine the order of a variable in a mixed term and use the 97 forth steps for calibration process to compute unknown coefficient. Therefore, the application 98 for predictions of evaporation is not simply based on more input variables. It is proposed a 99 high-order response surface function based on the Eq. (1) as follows: 
The least squares estimator is commonly used in evaluating the unknown coefficients of the 110 RSF in terms of the experimental points (Kang et al. 2010) . In least square method, the 111 unknown coefficients of a are computed by minimizing the error between the experiment 112 ( E ) and approximate (
In which,
are the 115 experiment vector and polynomial function vector for number of data points NE , 116 respectively.
117
The minimization of the error function in Eq. (5) with respect to the unknown coefficients of 
The proposed high-order polynomial RSF (2) produces more accurate results that unknown 124 coefficients are simply obtained more computationally efficient by Eq. (7). The high-order 125 RSF is obtained for predicting the pan evaporation using the set of observed points from Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. used in the study. These data were also used by Kisi and Tombul (2013 
Compute the predicted evaporation based on the high-order RSF as
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Determine unknown coefficients as
Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Published: 13 June 2016 c Author(s) 2016. CC-BY 3.0 License. Efficiency factor (EF) is calculated on the basis of the relationship between the predicted and 180 observed mean deviations and it can show the correlation between the predicted and observed 181 data. EF is better suited to evaluate model goodness-of-fit than the R 2 , because R 2 is 182 insensitive to additive and proportional differences between model prediction and 183 observations.
184
The agreement index is a descriptive measure that the range of d is similar to that of R 2 and 185 varies between 0 (no correlation) and 1 (perfect fit). R 2 is overly sensitive to extreme values 186 because it is sensitive to differences in the observed and predicted means and variances, the 187 factor d can be applied to overcome this difficulties based on Eq. (11) because the agreement 188 index was not designed to be a measure of correlation (Daren and Smith 2007). Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Published: 13 June 2016 c Author(s) 2016. CC-BY 3.0 License. 10 of were separately calibrated based on climatic input data for each station. In the second 197 application, the Mersin's pan evaporations were estimated using data from Antalya stations.
198
In the third application, the Mersin's pan evaporations were approximated using input 
Predicting Mersin's pan evaporations using climatic data of Antalya 242
In this section of the study, the accuracy of RFS models was tested in prediction of Mersin's 243 Epan using climatic input data of Antalya Station and results were compared with soft 244 computing methods. The validation results of the applied models are given in Table 3 . It is 245 apparent from the table that the RFS models perform superior to the FG, ANFIS and ANN 246 Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. In this section of the study, the RFS models are compared with soft computing methods in 262 Epan estimation using local and external inputs. Climatic input data of Mersin and Antalya 263 stations were used as inputs to the applied models to estimate Epan of Mersin Station.
264
Limited climatic inputs were also considered as inputs to the models in this part of the study.
265
Estimating Epan using limited input variables is very essential especially for the developing 266 countries where wind speed and relative humidity data are missing or unavailable. The Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Mersin stations. Comparison of the models indicated that the 4-order RSF models generally 304 performed better than the 2-order RSF, 3-order RSF, FG, ANFIS and ANN models. The Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Published: 13 June 2016 c Author(s) 2016. CC-BY 3.0 License. Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Published: 13 June 2016 c Author(s) 2016. CC-BY 3.0 License. 
4-order RSF2
Fourth -order 0.409 0.338 0.978 0.908 188 8.8 Note that the validation results of the FG, ANFIS and ANN models were obtained from Kisi and Tombul (2013) Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 -191, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. Published: 13 June 2016 c Author(s) 2016. CC-BY 3.0 License. Fig. 1 . The observed and estimated pan evaporation of the Antalya Station in validation period (The results of FG, ANFIS and ANN were obtained from Kisi and Tombul (2013)).
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